Objective: Positive changes in diet have been observed in research carried out in the United States from the use of ''Escape from Diab'' (Diab), a health videogame designed to lower the risk of obesity and type 2 diabetes. Whether the American story and characters in Diab might be perceived by Hong Kong Chinese children as interesting has not been explored. This study assessed the acceptability and applicability of Diab among Hong Kong Chinese children, whether the Diab story was understood by them, and whether it had potential to influence them both during the game and afterward. Subjects and Methods: Thirty-four students (21 males, 13 females) 9-12 years of age were included. Upon completion of all the Diab episodes, children completed an immersion scale with 18 items, as well as an individual interview with 10 open-ended questions. Results: Children achieved average immersion after playing Diab with the mean score at 39.1 (standard deviation = 9.0), higher than the median (36) of possible scores (range, 18-54). Four themes using framework analysis emerged from the interviews, including intuitive feelings about the interface, playing experience, perception of the effect of Diab on behavior change, and the applicability of Diab to Hong Kong children. The story and game developed for American children were found acceptable and applicable to Hong Kong Chinese children.
Background
O besity is a major health problem in developed and developing countries with many associated comorbidities. 1 Childhood obesity prevalence increased by 182 percent among 2-19-year-old children in the United States between 1971 and 2000. 2 In 2011-2012, 31.2 percent and 16.9 percent of U.S. children 2-19 years of age were overweight or obese, respectively. 3, 4 In well-developed urban areas in China, the 2010 overweight rates for children were 32.6 percent for boys and 19.1 percent for girls. 5 Similarly in Hong Kong, childhood overweight increased from 11.2 percent in 1995 to 20.0 percent in 2014. 6 Obesity is a metabolic disorder characterized by an increase of body fat resulting from energy imbalance with energy intake exceeding expenditure. 7 Increased consumption of fruit, vegetables, and water had positive results in weight management research. 8, 9 Children 5-17 years of age should accumulate at least 60 minutes per day of moderateto-vigorous physical activity (PA). 10 However, Hong Kong youth consumed insufficient servings of fruit and vegetables, 11, 12 and only 8.3 percent of children 7-12 years of age in Hong Kong engaged in the recommended PA levels, suggesting that Hong Kong children may be among the most inactive compared with their international peers. 13 It is therefore imperative to discover strategies that modify Hong Kong children's dietary and PA behaviors.
Videogames can be effective at capturing a player's imagination and generating positive emotions by immersing him or her in the game. 14 Videogames increase enjoyment or fun through interaction with characters and instant feedback. Serious videogames targeted at enhancing health, called ''games for health'' (G4Hs), are designed to persuade players to modify their health-related attitudes or behaviors through playing and entertainment. 15 G4Hs have been considered an innovative channel and a fantasy trigger to motivate health behaviors. 16 Growing interest in videogamebased interventions has resulted from some G4Hs increasing children's PA 17 and healthier dietary behaviors. 18 Videogames provide interactive channels and immersive qualities. Narrative is the basic feature and universally enjoyed aspect of playing for children. 19 A narrative is defined as ''the framework for the sequence of events that make up the plot we see, and the story we imagine.'' 20 Transportation is conceived as a convergent process, where all mental systems of players focused on the narrative or stories. 21 To avoid confusion, transportation during videogame playing is called immersion. 22 Story (or ''narrative'') immersion refers to the experience of being absorbed in the story. Immersion is a phenomenological experience of people's engagement with narratives, a process in which people travel into a story world and are changed by the journey. 23 Immersion is an attraction of games for players and has been hypothesized to be an important attribute that links videogame interactivity with enjoyment. Story immersion can influence a player's cognition, affect, attitude and, potentially, health behavior. 21 Well-crafted narratives embedded within a G4H may be especially suitable for health behavior change, as players may experience psychological immersion while being fully engaged in games, thereby paying close attention to embedded messages and closely following behavior change procedures.
''Escape from Diab'' (Diab) is a G4H with an embedded story designed to lower the risk of obesity and type 2 diabetes by changing children's diet and PA behaviors. Positive changes in psychological and behavioral indicators (i.e., fruit and vegetable preference, fruit and vegetable self-efficacy, and PA self-efficacy) were detected using Diab in research in the United States. 22 However, there has been a lack of videogame-based obesity prevention research among Hong Kong primary school children. Given obvious cultural differences, it was unclear how Hong Kong Chinese children would perceive Diab. This study assessed the acceptability and applicability of Diab and whether it might influence Hong Kong Chinese children's diet and PA behaviors both during and after playing it.
Subjects and Methods

G4H: ''Diab''
The design of Diab was predicated on the integration of social cognitive, 24 self-determination, 25 and persuasion 15 theories. Diab combined (1) knowledge games about diet and PA (e.g., ''What is a vegetable?,'' ''Which are aerobic activities?,'' ''How to balance calories of food consumption with energy expenditure?''), (2) goal setting activities (at the end of each episode, setting personalized goals on subsequent behavior changes tailored to their current status with multiple steps consisting of selecting value and reason statements, goals and days, summary display of goal and reasons, behavior inoculation, and anticipatory problem solving including solution selection), and (3) motivational statements to inspire children's behavior modification toward goalrelated lifestyle change. Diab is a G4H inside a three-dimensional setting. The game has nine episodes telling the story of Deejay, an athletic, healthy, modern-day youth who accidently falls through the floor of an abandoned building. He awakens in the dark land of Diab governed by evil King Etes. In this land, fruit, vegetables, and PA are forbidden, which make the population less fit and thereby more malleable. Upon his arrival, Deejay is captured by the King's guards but is rescued by new friends. Together they plot their escape from Diab. To enhance the personal fitness for the arduous task, DeeJay guides his new friends to eat more healthily (more fruit, vegetables, and water) and to engage in more PA. Players perform behavior change activities as part of the game's storyline. There are alternative game endings (the player escaping or not), which are dependent on the player's personal decisions related to behavior change choices throughout the game.
Research design
Quantitative and qualitative methods (survey and individual interviews) were used to assess Chinese children's perception of the storyline and the content delivered by Diab. Upon completion of the nine episodes, children were required to complete a 18-item immersion scale adapted from the narrative transportation scale, 23 which demonstrated good internal consistency (alpha = 0.89). Participants rated their levels of agreement with statements (e.g., ''I can easily imagine the things that happened in ''Diab,'' ''At least one of the Diab characters reminds me of myself,'' ''I felt like I was part of the action in ''Diab'') on a 3-point Likert scale (1 = do not agree; 2 = somewhat agree; 3 = agree a lot). The score was summed after reverse recoding selective items. Possible scores ranged from 18 to 54. To explore the levels of difficulty and preference children perceived from Diab, two single questions with a 10-point scale were used to assess how difficult they considered Diab (from 0 = very easy to 10 = very difficult) and how much they liked the game (from 0 = not like at all to 10 = very much liked).
Individual interviews were then conducted to assess participants' attitudes about playing the game. Four independent dimensions (amount, content, form, and mechanism) should be considered when studying the effects of videogame playing. 26 Amount refers to the amount of time spent playing the game. Content focuses on the message, topic, and story of the videogame. Form is the type of activity performed in the game. Mechanism is the methods of interface with the game. Based on these dimensions, the research team developed an interview protocol using commonly accepted methods 27 comprising 10 open-ended questions with follow-up prompts and probes (Table 1) . Individual semistructured interviews were conducted in person in Cantonese or Mandarin, either by the primary author or a trained research assistant (S.C. Kwan), upon completion of all Diab episodes in computer rooms of participating schools. Interviews were audiotaped and lasted approximately 10-15 minutes.
Participants
Participants were recruited from four primary schools in two Hong Kong districts, which had varied student social economic backgrounds. A total of 34 students (21 males, 13 females) in grades 4-6, from 9 to 12 years of age (9 years, n = 4; 10 years, n = 8; 11 years, n = 21; 12 years, n = 1), returned written informed consent and were included in the study. All participants received prior medical clearance to ensure there were no physical, psychological, sensory, or genetic limitations. Children's height and weight were measured before the study with a FISCO measuring tape (CMS Weighting Equipment Ltd., London, United Kingdom) and Tanita electronic digital scale (model HD305; Tanita Inc., Tokyo, Japan) complying with standard anthropometric methods. 28 Height was measured to the nearest 0.1 cm, and weight was measured to the nearest 0.1 kg. Body mass index was calculated as weight (in kg) divided by height squared (m 2 ). The body mass index of the participating children ranged from 14.11 to 29.31 kg/m 2 with a mean value of 18.87 kg/m 2 . According to the international body mass index cutoff points for childhood overweight and obesity, 29 of the 34 participants, 24 were normal weight, 8 were overweight, and 2 were obese. The study was approved by the Hong Kong Baptist University Committee on the Use of Human and Animal Subjects in Teaching and Research.
Procedures
Based on the schedules of the four schools, the gameplay sessions were arranged during morning sessions before classes or afternoon sessions after school, which lasted between 4 and 6 weeks. Two sessions were offered each week, and each session lasted 40-60 minutes. Prior to the study, Diab was installed in the multimedia classroom computers and tested. Each participant conducted the game sessions on an individual computer in the school's multimedia classroom. During each session, children were asked to play one episode. If the student had time remaining in the session, the player could return to the current or previous episode and replay the minigames. However, players could not move on to the following episode until the next game session. Translated subtitles were available to any children who had language difficulties during playing. One researcher was present to monitor children's progress and to solve minor hardware or software problems during the session. Upon completion of the nine episodes, the survey and individual interview were conducted to collect children's perception of Diab.
Data analyses
Cronbach's alpha of internal consistency was calculated on the 18-item immersion scale. Means and standard deviation (SD) were calculated to describe the distribution of immersion scores. All interviews were transcribed verbatim and checked carefully for accuracy with reference to the original audiotapes. A framework approach, a widely used and well-developed method for analyzing qualitative data, 30 was used to analyze individual interviews. Framework analysis 31 provides distinct, but highly interconnected, stages of systematic and transparent data analysis, enabling researchers to work through and understand qualitative data. 32 Framework analysis suits research with predesigned samples, specific topics, a limited time frame, and a priori issues. The five key stages of this technique are summarized in Table 2 . All 34 children completed the game, and 32 provided complete immersion questionnaire data (alpha = 0.91). Immersion scores ranged widely, from 20 to 51, and were normally distributed (P = 0.20 for the Kolmogorov-Smirnov test). Mean score was 39.1 (SD = 9.0), which was higher than the median (36) of possible scores (range, 18-54). Skewness (-0.076) and kurtosis (-0.576) were lower than the absolute value of 1.0. Children achieved above a median amount of immersion in Diab.
Four themes emerged from interview data, including intuitive feelings about the interface, playing experience, perception of the effect of Diab on behavior change, and the applicability of Diab for Hong Kong children. The game's character design was generally considered vivid and fun. Participants considered it easy to distinguish good from bad characters. For example, the antagonists (the King and his minions) were crafty and evil, and due to their unhealthy lifestyles, both the king and guards were overweight and obese, which meant their actions were clumsy. Deejay and his friends were resourceful, brave, and full of team spirit and had generally healthy body shapes:
These young people are very smart and healthy. They would like to try to solve the problems. The good and bad persons are similar to the real world. But . I just think the girl in purple clothes (named ''Mayza'') had little hair and designer should give her more hair to make her beautiful. (10-year-old girl) Um . I don't like the appearance they look. They are ugly. But to be sure, I quite like their characters. (11-year-old girl) Table 3 presents the distributions of children's scores by gender for how difficult they considered Diab (from 0 = very easy to 10 = very difficult) and how much they liked the game (from 0 = not like at all to 10 = very much liked). More than half the children (19 of 34) considered Diab to have moderate difficulty, with scores ranging from 4 to 6. Comments on difficulty indicated both playability and challenge. Ten children scored it 7 or higher for difficulty. Five children scored it 3 or lower. The first episode (involving picking up fruit and vegetables while crossing the road) was considered the easiest. The most difficult episodes were reported those involving escaping while being chased by the King and making balanced snacks, breakfasts, lunches, and dinners:
Diab playing experiences
You know, I can accept the game well because it was neither too easy to lose my interest nor too difficult to dampen my initiative. I spent too much time on making balance on the dinner. If any diet component was too much or too little, the plan could not be passed. But this method helped me learn a lot on how to balance my own meal. (10-year-old boy)
The overwhelming majority of children (29 out of 34) stated they liked the game with a score equal to or greater than 7. The game was considered fun, challenging, and enjoyable. However, issues surrounding playing stations and game controllers made them wait too long to restart the game when there were issues with the game freezing: I liked the game very much. But, I think, the background music was a bit boring. (11-year-old girl) Um, the game controller did not work sometimes.
(11-year-old girl)
Participants' perception about the effect of Diab on behavior change
Goal setting followed the end of each episode and was integrated into the game to help children change their own lifestyles. However, only 15 students set goals for each episode, and 6 students set partial goals. The remaining participants did not engage in the goal setting seriously as they wanted to complete the episode as quickly as possible. Due to the limited time arranged for playing after school, some children had no time to set goals: All children agreed that Diab was an appropriate, innovative, and helpful way to deliver knowledge about fruit, vegetables, and water intake, as well as PA engagement. The information they received could potentially motivate them to modify their health behaviors, although four participants expressed uncertainty as to the long-term effects of Diab on behavioral modification:
Definitely, I got much new knowledge from the game. If I am taught the knowledge through the lecture, I may forget them soon. But this time, I learn them through play and practice. All are impressive and helpful for my daily life. (9-year-old girl) Um, to be sure, after playing the Diab I have learnt the knowledge which I didn't know before. During these days, I remembered to change my behaviors and try to intake more fruit and water. But I have no idea if the change could be lasted too long without the motivation from game. (11-year-old girl) I just think the video has more effects on dietary than that on PA, because the real PA activities are better than PA education from the video. (12-year-old boy)
Applicability of Diab to Hong Kong children
Of the 34 participants, 20 indicated the game was similar to Hong Kong in terms of the availability of snacks, distribution of stores, and the physique of Hong Kong people. Several children expressed that there were environmental differences between the game and Hong Kong with regard to buildings and streets. Students pointed out the high-density situation in Hong Kong, as well as the lack of outdoor play space, which may limit children's activity. The majority of children agreed that Hong Kong people eat more high-calorie foods and often have meals in fast food restaurants due to a rapid pace of life. The children also agreed that vegetable intake was insufficient among Hong Kong people. Meanwhile, Hong Kong people are more likely to be inactive because of intense work and study pressure. Nearly all the children agreed that the game was suitable for Hong Kong children and would recommend Diab to their friends. Despite the fact that there were some difficulties in comprehension due to varying English proficiency, language was not considered a barrier that would affect the dissemination of knowledge and health behavior modification:
There are many stores and restaurants in the game. This is quite similar with traditional areas in Hong Kong, such as Mong Kok, Causeway Bay, etc. (11-year-old boy) I cannot see Hong Kong people do the PA in the street because the streets here are very crowded. (10-year-old boy) Yeah, I believe the game help me a lot on how to choose foods and to engage in more PA. And I highly recommend the video to my classmates. I will continue to play the minigames offered in Diab at home. (9-year-old boy)
Discussion
Videogames are a popular form of entertainment and integrated into the fabric of children's lives, which creates a virtual environment and can make users feel fully immersed in the game and consequently experience a high degree of control, which impacts on their virtual environment. 33 G4Hs in Western countries have influenced psychological mediators or moderators of PA and dietary outcomes. 34 This study is the first to report the acceptability and applicability of a G4H with story immersion among Chinese children. Compared with console gaming, videogames in immersive virtual realities are considered effective because they provide a more realistic experience. 35 Videogames provide an important interaction with players through the characteristics that make the narrative personally relevant. 36 For characters to serve as models for audiences, their perceived similarity and competence are important. 37 Compared with adults, children are more receptive to the story in the game. Children as a group have a rich imagination that could be more influenced by media context if they perceive themselves to be similar to the characters. 38 In Diab, the characters were created to have diverse appearances with different genders, racial origins, body sizes and shapes, facial features, and personalities, which were acceptable to Hong Kong Chinese children.
Diab was perceived to be an immersive game by this sample of Hong Kong Chinese children. The average score they achieved (mean = 39.1; SD = 9.0) was similar to a prior study of Diab in U.S. children (mean = 40.8; SD = 8.2). 22 Four themes emerged from qualitative interviews: intuitive feelings about the interface, playing experience, perception of the effect of Diab on behavior change, and the applicability of Diab to Hong Kong children. With respect to the interface, the majority of 34 children reported that they were comfortable with the game. Character design was generally considered vivid and fun, and language was not reported to be a major barrier. Most reported they enjoyed playing Diab and also enjoyed the emphasis on healthy eating and PA. Diab was considered to be moderately difficult in both playability and challenge. The majority of children reported Diab motivated them to change some diet and PA behaviors. Their perception of the environmental background of the game compared with Hong Kong was that the two were similar, as were the lifestyles of the antagonists compared with Hong Kong children. Most participants agreed that Diab was suitable for Hong Kong Chinese children and would recommend the game to their friends. These findings suggest that Diab, an American G4H with story immersion, is acceptable and applicable among Hong Kong children.
According to Social Cognitive Theory, goals are set for behavior change and can stimulate and increase an individual's' cognitive abilities as well as his or her reactions to outcomes. 39 Goal setting as a key component of selfregulatory processing focuses on the effort behind behavior change. The concept of goal setting has been used for reducing drug abuse 40 and tobacco use 41 among Hong Kong youth; however, it has not been applied to childhood obesity prevention. Within Diab, goal setting is integrated as a multistep process at the end of each episode (Episodes 1-4, diet goals; Episodes 5-8, PA goals).
Implementation intentions (i.e., specific foods, number of days to attempt goals) and coping intentions (i.e., the most likely barrier to achieving the goal and the most likely effective solution for overcoming the barrier) are two phases of the goal setting process. 42 Players are asked to develop an implementation plan (e.g., eat one more portion of fruit for your afterschool snack in the following 4 days) and a plan to overcome potential barriers (e.g., fruit or juice is not always available at home) to the achievement of their goals (e.g., ask your parent to have more available at home).
A prior study of Diab identified that the most important diet-related values and reasons in U.S. children were getting good grades and being healthy. PA-related important values and reasons were having energy to do homework and not missing school. 43 However, the potential of the approach of Gollwitzer 42 to bridge the intention-behavior gap was limited in this study by the fact that only half of the participants completed goal setting. The remaining children in the present study only partly completed it, or skipped the component entirely, as they were eager to pass the episodes as quickly as possible due to limited time. The diet-and PA-related values, goal selections, reasons, and barriers in Hong Kong children were not adequately explored.
This study evaluated and demonstrated the acceptability of Diab, a health videogame originally created in the United States, among 9-12-year-old children in Hong Kong. This study also provides support prior to disseminating a successful health game from one culture to another. As the childhood obesity crisis continues, interventions are needed that can effectively tackle the epidemic. Efforts aimed at obesity prevention may benefit from innovative technologies that provide an alternative method to encourage healthy behaviors. This study provides an important contribution to G4H interventions for childhood obesity. The findings indicate the applicability of Diab for childhood obesity prevention among Hong Kong Chinese children.
However, there are several points to be noted before implementing further intervention studies. First, to maximize the behavior change potential of Diab, Chinese researchers should pay more attention to completing the goal setting in future studies. Teacher briefing prior to play and monitoring the completion of goal setting in the intervention phase should be conducted. Second, although conversations within the game were not considered a major problem for the majority of participants, some students still had difficulty in understanding some PA and food vocabulary. Due to the limited playtime, children may not have enough time to follow the subtitles. Besides, it is hard to distract players from the game even when they encounter the language problems. Giving a brief explanation of the episodes at the beginning of the session to help non-English-speaking children and offering PA and food vocabulary on the multimedia screen during the game session are recommended.
Even though this study did not use a large sample, the combination of quantitative and qualitative methods provides rich information, which has confirmed the acceptability and applicability of an American G4H with story immersion to Hong Kong Chinese children. Diab, a videogame with behavior change procedures and an integrated story, aims to motivate players to reduce unhealthy obesity-related behaviors. Although moderate story immersion was obtained, this research is not an outcome study. Therefore, further studies are warranted to explore and quantify the effects of the game on Hong Kong children's behaviors and adiposity.
